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Secreted Wnt proteins trigger the intracellular Wnt
signaling cascade upon engagement of dedicated
Frizzled–Lrp receptor complexes. Unexpectedly, a
non-Wnt ligand for this receptor complex has now
been discovered. This novel ligand, Norrin, is mutated
in the hereditary ocular Norrie syndrome.
The Danish ophthalmologist Norrie described the first
case of a rare congenital blindess syndrome in 1927 [1].
Genetic studies followed by classical gene mapping
ultimately resulted in the positional cloning of the gene
underlying Norrie disease 12 years ago. The gene was
found to encode a small cysteine-rich protein, alterna-
tively termed Norrin or Norrie Disease Protein [2,3]
(Figure 1). Norrin seemed likely to be a secreted protein,
yet no function could be predicted from its sequence.
Molecular modelling revealed a protein structure
resembling that of transforming growth factor-β and
other cysteine-knot growth factors [4]. No close rela-
tives of the Norrin protein appear to exist in the
genomes of humans or other vertebrates, but there is
some degree of homology to the cysteine-rich domains
occurring in mucins, the Drosophila Slit protein, von
Willebrand Factor and the growth factor binding protein
Cyr61 (Figure 1). Norrin knockout mice phenocopy the
human condition only to a limited extent. The mice are
not blind, but show an abnormal presence of blood
vessels in the vitreous and a general disorganization of
the neuroretina [5].
Nathans and colleagues [6] have now reported the
unexpected finding that Norrin acts as a Wnt ligand.
They noted that many of the symptoms of Norrie
disease also occur in another hereditary ocular
syndrome with the prosaic name Familial Exudative Vit-
roretinopathy (FEVR). Compared to FEVR, Norrie
disease is a severe, X-linked congenital blindness and
carrier females are usually healthy. The persistence of
fetal vasculature, as well as degenerative and prolifera-
tive changes in the neuroretina and vitreous result in
progressive atrophy of the eyes. Moreover, many Norrie
patients are mentally retarded and may present other
clinical features, such as deafness, microcephaly and
hypogonadism. FEVR, on the other hand, is character-
ized by incomplete vascularization of the peripheral
retina. The mode of inheritance of FEVR varies between
families and can be either autosomal dominant, auto-
somal recessive or X-linked. This implies that FEVR can
result from mutations in a number of different genes,
possibly acting in a shared pathway. Indeed, the X-
linked form is sometimes associated with mutations in
the norrin gene, while the frizzled-4 gene is mutant in
one of the autosomal dominant forms of FEVR [7].
Nathans and colleagues disrupted the frizzled-4 gene
in the mouse germ line and uncovered a phenotype
that, if not reminiscent of Norrie disease, at least resem-
bled the phenotype of the Norrin knockout mouse. Both
mouse lines show an aberrant intraretinal vessel
pattern, persistent hyaloid vasculature and late loss of
auditory hair cells. The obvious question arose: Do
Norrin and Frizzled-4 participate in the same pathway?
While the molecular context of Norrin’s function was
largely unknown, much has been learned about the role
of Frizzled proteins. The ten frizzled genes in the human
and mouse genomes encode seven-transmembrane
receptors that activate the intracellular Wnt signaling
cascade upon interaction with secreted Wnt factors.
What is the Wnt cascade? Since the discovery of the
common origin of the Drosophila segment polarity gene
wingless and the murine proto-oncogene Int-1, a sig-
naling pathway has been pieced together which is now
commonly referred to as the ‘canonical Wnt cascade’
[8]. Wnt genes, of which the human genome harbours
almost twenty, are found throughout the animal
kingdom and secreted Wnt factors are involved in vir-
tually every developmental decision in the lifetime of an
animal. Cells that are responsive to Wnt factors carry
Frizzled receptors on their surface. The amino-terminal
extracellular domains of these seven-transmembrane
receptors are capable of specific high-affinity interac-
tions with Wnts. The interaction tends to be promiscu-
ous: Wnt factors can interact with multiple Frizzled
receptors, and vice versa. Several Wnt/Frizzled-trig-
gered signaling pathways are believed to co-exist. The
best known is termed the canonical pathway and is
outlined below.
For a Wnt factor to trigger the canonical pathway, it is
believed to interact simultaneously with a Frizzled
receptor and with a co-receptor of the Low Density
Lipoprotein receptor (Lrp) family, Lrp-5 or Lrp-6. The
central player in the canonical Wnt cascade is a cyto-
plasmic protein termed β-catenin, whose stability is reg-
ulated by the APC complex. When Frizzled receptors are
not engaged, kinases in the APC complex phosphory-
late β-catenin, thus targeting the protein for rapid
destruction. When the receptors are activated by Wnt
ligands, the intrinsic kinase activity of the APC complex
is inhibited. As a consequence, stable, non-phosphory-
lated β-catenin travels to the nucleus where it engages
DNA binding proteins of the Tcf/Lef family. The interac-
tion with β-catenin transiently converts Tcf factors from
repressors into transcriptional activators. A Wnt signal is
thus translated into the transient transcription of Tcf
target genes. Although suggestions of cross-talk with
intracellular molecules and pathways outside the core
Wnt cascade are widespread in the literature, until now
it was believed that Frizzled-type receptors are uniquely
dedicated to sense secreted Wnt ligands.
Against this backdrop, Nathans and colleagues [6]
asked whether Norrin could act like a Wnt protein and
activate the canonical pathway. Such activity can be
read out by the transient transfection of Tcf reporter
genes [9]. When cells were transiently transfected with
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the Wnt co-receptors Frizzled-4 and Lrp5 or -6, Norrin
co-transfection strongly activated the Tcf-reporter, as
would be expected for a Wnt-type ligand. Concomi-
tantly, β-catenin levels increased, another sign of active
canonical Wnt signaling. Several other Frizzled proteins
did not allow this response. Norrin was then shown to
bind specifically to the surface of Frizzled-4-transfected
cells. As the last nail in the coffin, Nathans and co-
workers demonstrated that disease-associated variants
of Frizzled-4 and Norrin are defective in triggering acti-
vation of the canonical Wnt cascade.
Together, the presented evidence makes a very
strong case for Norrin and Frizzled-4 as a high-affinity
ligand-receptor pair. The interaction is of unprecedented
specificity: none of five other Frizzleds interacted with
Norrin. The observations of Nathans and colleagues
break the dogma that Frizzleds are dedicated Wnt
receptors. Although vertebrate genomes do not appear
to encode Norrin homologs, there may be other non-
Wnt ligands that trigger the canonical cascade. Wnt
factors are rarely secreted into the culture medium, but
remain associated with the cell surface and the extra-
cellular matrix, presumably because of an unusual cys-
teine modification [10], which is essential for Wnt
activity. Although it is unknown whether Norrin is modi-
fied in a similar fashion, it appears of interest that Norrin
— like Wnt factors — remains associated with the
matrix surrounding the producing cells, rather than
being secreted into the supernatant [11]. The unusual
biochemical behavior of Wnt proteins has so far pre-
cluded the structural analyses of Wnt’s with their recep-
tors. The Norrin protein may provide an unexpected
shortcut to the long-awaited visualization of activation-
related changes in Wnt receptor structure.
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Figure 1. The Norrin protein.
Missense and nonsense mutations in Norrin
leading to classic or mild Norrie disease
(ND) and to FEVR. Amino acid numbering is
given on the scale below the protein. LP,
leader peptide;  CRD, cysteine-rich domain.
The CRD is homologous to domains in the
proteins indicated below (adapted from [1]).
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